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Abstract
Background Adequate working space is a prerequisite for
safe and efficient minimal access surgery. No objective
data exist in literature about the effect of mechanical bowel
preparation (MBP) on working space in laparoscopic sur-
gery. We objectively measured this effect with computed
tomography in a porcine laparoscopy model.
Methods Using standardized anesthesia, twelve 20-kg
pigs without MBP and eight 20-kg pigs with MBP were
studied with computed tomography at intra-abdominal
pressure (IAP) levels of 0, 5, 10, and 15 mmHg. Volumes
and dimensions of the pneumoperitoneum were measured
on reconstructed CT images and compared between the
pigs with and those without MBP.
Results A reproducible and statistically significant
increase of approximately 500 ml in pneumoperitoneum
volume was found in the MBP group at all levels of IAP.
This represents a 43 % relative increase at a pneumoperi-
toneum pressure of 5 mmHg, 21 % at IAP 10 mmHg, and
18 % at IAP 15 mmHg. Peak inspiratory pressure was
lower at IAP 0 and 5 mmHg in the MBP group. Antero-
posterior diameter in the group with MBP was lower at
0 mmHg, but abdominal dimensions were similar in both
groups at all other IAPs. This shows that the gain in
working space is due to a diminished volume of the intra-
abdominal content and not to compression or displacement
of the bowel.
Conclusions MBP increases working space by reducing
bowel content. Especially at low intra-abdominal working
pressures, the increase in working space associated with
MBP could represent an important benefit in challenging
laparoscopic surgery.
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The introduction of laparoscopic procedures has led to
important progress in colorectal surgery. Short-term results
have been shown to be superior, including less postoperative
pain, earlier recovery of bowel function, less blood loss, and
shorter hospital stay [1–4]. Long-term results, defined as
disease-free survival, do not differ between patients operated
on by means of laparotomy or laparoscopy [1, 3]. However,
despite the short-term advantages, laparoscopy also has neg-
ative aspects. It has a longer learning curve [5], increases
operating times and costs [2, 3], and it has the disadvantages of
a CO2 pneumoperitoneum [6–18]. Various solutions have
been proposed to overcome the consequences of CO2 pneu-
moperitoneum [19–24]. Nevertheless, obtaining enough
working space is essential for good view and handling of
instruments [25–27].
Several factors influence working space, e.g., age and size
of the patient, obesity, bowel content, pneumoperitoneum-
pressure, positioning of the patient, use of systemic neuro-
muscular blocking agents, and ventilation settings [28].
Whether preoperative mechanical bowel preparation (MBP)
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influences working space has not been established [29, 30].
However, several, randomized, controlled trials and meta-
analyses have been conducted on MBP before colorectal
operations to investigate its influence on anastomotic leakage
and septic complications. The vast majority of studies con-
clude that there is no advantage of MBP before colorectal
resections regarding the aforementioned complications
[31–38]. The purpose of this study was to investigate in a
porcine model whether MBP has a positive influence on
working space during laparoscopy.
Methods
Animals
Twenty female Landrace pigs, weighing approximately
20 kg, were studied: 8 pigs received MBP, whereas 12 pigs
did not. The study was approved by the institutional animal
ethics committee.
Mechanical bowel preparation
In the MBP group, food was withheld and replaced by water
ad libitum and sweetened water at 30 h before the experiment.
Animals were placed in cages without floor coverage. At 24
and 8 h before surgery, 20 ml of sodium phosphate was
administered orally, followed by 100 ml of water. Pigs in the
non-MBP group were fed ad libitum until premedication.
Anesthesia
All pigs were subjected to the same anesthesia protocol as
described earlier by the authors [28]. After premedication with
midazolam and ketamine in the animal housing facility, ani-
mals were brought to the laboratory and intubated. Mainte-
nance anesthesia consisted of sufentanil and propofol. No
neuromuscular blocking agents were used for these experi-
ments. Artificial ventilation was volume-controlled (10 ml/
kg), with a positive end expiratory pressure (PEEP) set at 5 cm
H2O. Only the respirator frequency was adjusted when End-
Tidal CO2 (ETCO2) rose above 7 kPa. Arterial and venous
access was established. Heart rate, blood pressure, respiratory
rate, peak inspiratory pressure (PIP), and ETCO2 were mea-
sured continuously. A 5-mm radially expanding trocar (Ver-
sastep, Covidien, Dublin, Ireland) was placed in the
supraumbilical midline. The correct intra-abdominal position
was verified endoscopically (Storz Telepack, Tuttlingen,
Germany, 5-mm 30 telescope).
Study protocol
With stable cardiorespiratory parameters, the pig was
transported to the CT scanner (Somatom Definition Flash
Dual Source, Siemens Healthcare, Erlangen, Germany).
After installation of the pig on the scanning tray, an elec-
tronic CO2 insufflator (Endoflator
, Storz) was attached to
the abdominal trocar. Breath-hold end-expiratory com-
puted tomography (CT) of thorax and abdomen, lasting ca.
5 seconds, was performed at intra-abdominal pressures
(IAP) of 0, 5, 10, and 15 mmHg. At each pressure level, a
stabilization period of 5 minutes was taken into account
and cardiorespiratory parameters were documented. After
finishing the scans, the pig was euthanized.
Outcome measurements
Body weight as well as the total length of the first five
lumbar vertebral bodies in a sagittal CT midline plane was
measured. This CT length was measured to get an objective
measure for the size of the pig, not dependent on food
status like the weight [39]. All pigs had six lumbar verte-
brae, but the physiologic lordosis made measuring of the
length of the first five lumbar vertebrae easiest and most
reproducible.
Intra-abdominal volume of pneumoperitoneum was
calculated with the Syngo 3D volume-module of a Siemens
Navigator workstation using a dataset of 5-mm slices.
With the definition of appropriate thresholds, semiauto-
matic detection of CO2 in the abdomen was done on
transverse slices [40]. These could be integrated to a total
volume of pneumoperitoneum. All volumes were visually
checked for inadvertent inclusion of air in the bowel
(Fig. 1a, b).
In a sagittal midline plane, maximum external antero-
posterior diameter of the abdomen and maximum distance
between the upper border of the pubic symphysis and the
highest diaphragmatic peritoneal lining was measured on
CT images at all levels of IAP. In a coronal plane, the
maximum external transverse diameter was measured
(Fig. 1a, b).
Statistics
Normality of the data was confirmed by means of visual
assessment and Kolmogorov Smirnov testing. Data are
presented as means with standard errors of the mean.
Differences between groups were assessed by using an
independent samples t test. A p value \ 0.05 was consid-
ered significant.
Results
One pig in the non-MBP group died during surgical
preparation, leaving the data of 19 pigs eligible for anal-
ysis. There was no statistically significant difference in
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body weight or in length of the first five lumbar vertebrae
between the non-MBP and the MBP group, but mean body
weight was 1.2 kg lower in the MBP group (Table 1).
Cardiorespiratory parameters are shown in Table 2.
Changes in respiratory rate to compensate for hypercapnia
were made in three pigs in the non-MBP group (average
increase 10 breaths/min) and five pigs in the MBP group
(average increase 14 breaths/min). PIP was significantly
lower in the MBP group at IAP of 0 and 5 mmHg. This
reduction in PIP disappeared at IAPs of 10 and 15 mmHg.
When comparing the CT pneumoperitoneum volumes at
different IAPs between groups, pigs in the MBP group had
a significantly higher pneumoperitoneum volume, gaining
approximately 500 ml at each IAP level (Table 3). The
relative increase associated with MBP was 43 % at IAP
5 mmHg, 21 % at 10 mmHg, and 18 % at 15 mmHg. The
Fig. 1 A Reconstructed sagittal CT-imageat an intraabdominal pressure
of 5 mmHg. Measured are the maximum abdominal external antero-
posterior (AP) diameter in a sagittal midline plane and the maximum
distance between the upper border of the pubic symphysis and the highest
diaphragmatic peritoneal lining. B Reconstructed coronal CT-image at an
intra abdominal pressure of 5 mm Hg. Measured is the maximum
abdominal external transverse diameter in a transverse and coronal plane.
(Source: Reproduced with permission from Surgical Endoscopy)
Table 1 Body weight and length of first five lumbar vertebrae
Non-MBP mean (SEM) MBP mean (SEM) p value
Weight (kg) 22.7 (0.65) 21.5 (0.47) 0.15
Length vertebrae (cm) 11.77 (0.1) 11.87 (0.09) 0.5
MBP mechanical bowel preparation, SEM standard error of the mean
Table 2 Cardiorespiratory parameters (mean values)
IAP 0 mmHg 5 mmHg 10 mmHg 15 mmHg
MBP- MBP? MBP- MBP? MBP- MBP? MBP- MBP?
MAP 80.3 94.4 79.2 96.3 79.7 91.4 85.5 88.9
HR 83.7 88.1 81.1 76 83.3 78 88.4 81.4
RR 29.6 28.8 29.6 28.8 30.5 28.8 31.4 32.5
PIP 19.2 16.8a 19 16.8a 22.3 21.1 28.1 27.4
ETCO2 5.8 5.8 5.9 6.2 6.3 6.6 6.5 6.6
A significant difference exists in PIP between non-MBP and MBP pigs at 0 mmHg (p value 0.02) and 5 mmHg (p value 0.03)
IAP intra-abdominal pressure, MBP mechanical bowel preparation, MAP mean arterial blood pressure (mmHg), HR heart rate (beats/min), RR
respiratory rate (breaths/min), PIP peak inspiratory pressure (cm H2O), ETCO2 end-tidal CO2 (kPa)
a Significant, unpaired t test
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pneumoperitoneum volume attained at IAP 10 mmHg with
MBP was similar to the volume at IAP 15 mmHg without
MBP.
The dimensions of the abdomen are presented in
Table 4. As can be seen, a difference in anteroposterior
diameter of the abdomen exists between the non-MBP and
MBP group only in the noninsufflated state. There were no
significant differences in transverse diameter or symphysis-
to-diaphragm distance of the abdomen between the non-
MBP and MBP group.
Discussion
The standard use of MBP has been largely abandoned,
because studies have proven that its use does not diminish
the risk of anastomotic leakage or wound infections
[31–38]. However, the relationship between MBP and
working space in laparoscopic surgery is still a matter of
debate. The two level 1A studies on MBP in open colo-
rectal surgery have contradictory discussions on the theo-
retical influence of MBP in laparoscopy. It has been argued
that it is easier to perform laparoscopic surgery if the bowel
contains solid matter to use gravity to obtain better over-
view [35] or that MBP results in dilated bowel, which
could hamper laparoscopic vision and make mobilization
of the intestines more difficult [37].
Only a few studies have evaluated the effect of MBP on
exposure in gynecologic laparoscopy. In the first study,
performed by Muzii et al. [29], patients were randomized
between preoperative MBP (sodium phosphate) and no
MBP; the endpoint was the appropriateness of the surgical
field as judged by the surgeon on a scale going from poor to
excellent in five steps. No advantage of MBP on the
evaluation of the surgical field could be demonstrated.
Another randomized trial, performed by Yang et al. [30],
divided patients undergoing gynecologic laparoscopy in
two groups. The first group received MBP through oral
sodium phosphate solution; the second group received only
a sodium phosphate enema. Assessment of the quality of
the surgical field and bowel characteristics was performed
by using a surgeon questionnaire with Likert and visual
analog scales. No significant differences were observed
between the two groups in evaluation of the surgical field,
bowel handling, degree of bowel preparation, or surgical
difficulty.
Two additional surveys (laparoscopic colon and rectum
surgery, and laparoscopic gynaecology) show MBP is still
used for different reasons in these fields of laparoscopy [41,
42]. One of these reasons is the possible influence MBP
could have on surgical field exposure.
All of these studies reflect individual preferences rather
than evidence based practice. Moreover, the surgeon’s
evaluation of the working space may be too subjective to
detect significant differences in outcome.
For this reason, we conducted this animal study to
investigate whether MBP has an influence on laparoscopic
working space. The results show a significant increase in
pneumoperitoneum volume in the group receiving MBP
preoperatively. This gain in pneumoperitoneum volume of
500 ml CO2 is independent of the pressure of
Table 3 Volumes of pneumoperitoneum (ml)
IAP (mmHg) Non-MBP mean (SEM) MBP mean (SEM) Difference (% increase) mean p value
0 11 (7) 21 (2) 9 0.27
5 1,271 (138) 1,823 (130) 551 (43.4%) 0.01*
10 2,459 (131) 2,968 (165) 509 (20.7%) 0.03*
15 2,919 (140) 3,438 (167) 519 (17.8%) 0.03*
IAP intra-abdominal pressure, MBP mechanical bowel preparation, SEM standard error of the mean
* p \ 0.05
Table 4 Dimensions of the abdomen in centimeters (see also Fig. 1a,
b)
IAP (mmHg) Non-MBP mean
(SEM)
MBP mean
(SEM)
p value
External AP diameter
0 15.4 (0.37) 13.5 (0.3) 0.02
5 18.5 (0.36) 17.9 (0.42) NS
10 20.6 (0.29) 19.8 (0.43) NS
15 21.4 (0.29) 20.7 (0.41) NS
External transverse diameter
0 25.4 (0.53) 24.4 (0.24) NS
5 25.4 (0.51) 24.3 (0.28) NS
10 25 (0.46) 24.3 (0.31) NS
15 24.9 (0.45) 24.3 (0.26) NS
Symphysis to diaphragm distance
0 36.2 (0.47) 36.3 (0.43) NS
5 36.8 (0.36) 37.2 (0.48) NS
10 37.7 (0.4) 38.1 (0.55) NS
15 38 (0.39) 38.4 (0.45) NS
IAP intra-abdominal pressure; AP anteroposterior; MBP mechanical
bowel preparation
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pneumoperitoneum and represents a relative increase of
43 % at 5 mmHg and 21 % at 10 mmHg and 18 % at
15 mmHg. Consequently, with preoperative MBP the same
volume of pneumoperitoneum can be obtained at lower
IAPs (Table 3).
Concordantly, mechanical ventilation is easier in MBP
pigs at low pneumoperitoneum pressures (diminished PIP
at 0 and 5 mmHg in the MBP group; Table 2). Antero-
posterior diameter in the group with MBP was lower at
0 mmHg, but abdominal dimensions were similar in both
groups at all other IAPs. This shows that the gain in
working space is due to a diminished volume of the intra-
abdominal content and not to compression or displacement
of the bowel (Table 4).
In this animal study, our choice for MBP was sodium
phosphate. The most commonly prescribed preparations for
bowel cleaning in humans are sodium phosphate (90 ml),
poly-ethylene glycol (PEG, 4 l), and magnesium citrate
(300 ml). Literature shows sodium phosphate has the
highest patient compliance and least residual stool [43–45].
In animals, orogastric intubation is required to administer
large volumes of lavage solution over several minutes,
leading to discomfort, struggling, and apparent increased
stress [46]. Sodium phosphate is a low-volume, hyperos-
molar, buffered saline laxative that osmotically draws
water into the gastrointestinal tract lumen. It relies on
osmotic action to draw plasma water into the colon to
soften and flush fecal material out of the colon [44, 45]. Its
use for MBP in pigs before colonoscopy has been shown by
Pfeffer et al. [47].
A difference between the two groups of pigs, except for
MBP, is the duration of fasting. Food was withheld
from pigs receiving MBP beginning the day before the
experiment. Whether this also influences the volume of
intra-abdominal content or might have caused the 1.2 kg
difference in mean body weight has not been investigated
in this study. This raises the question of the necessity of
MBP. In a blinded, randomized, controlled trial in gyne-
cologic laparoscopic surgery for benign disease, a 7-day
low-fiber diet gave as good exposure as PEG (scored by the
surgeon) but was far better tolerated [48].
Conclusions
MBP before laparoscopy in pigs results in an increased
volume of CO2 pneumoperitoneum irrespective of IAP.
This could represent an important benefit in technically
challenging intestinal and nonintestinal laparoscopic sur-
gery. The relative gain in volume of CO2 pneumoperito-
neum by MBP is highest at lower insufflation pressures,
which can be helpful in low-pressure laparoscopic surgery,
as is custom in pediatric surgery. Further studies are
necessary to investigate whether a similar effect could be
obtained with more patient-friendly bowel preparations,
such as low-fiber diet.
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